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COMPENSATION OF THE EFFECTS OF THE SLOT 

IN A RECTANGULAR WAVEGUIDE 

by F,  J o  Tiseher  

Summary - A method of compensating t h e  e f f e c t s  of a s l o t  i n  a 

PO r e c t a n g u l a r  waveguide on t h e  propagation p r o p e r t i e s  of t h e  TE 

wave mode has  been developed. The compensation c o n s i s t s  of a n  

ex tens ion  of t h e  s i d e  w a l l s  of t h e  s l o t  i n t o  t h e  i n t e r i o r  of t h e  

waveguide. 

conf igu ra t ion  i n  t h e  waveguide i n  such a manner t h a t  t h e  impedance 

and propagat ion p r o p e r t i e s  of t h e  waveguide approach t h o s e  of t h e  

non-s lo t ted  guide e 

The extended w a l l s  form r i d g e s  which deform t h e  f i e l d  

The c ros s - sec t iona l  f i e l d  conf igu ra t ion  of t h e  compensated-slot 

s t r u c t u r e  is  evaluated by conformal mapping us ing  a TEM-wave 

approach and the  t ransformat ion  f u n c t i o n  der ived  

c r f t e r f a  are der ived  which lead t o  r e l a t i o n s h i p s  betweer: t h e  

dimensions of t h e  cornpensation r i d g e s  and t h e  s l o t  wid th  of t h e  

r e c t a n g u l a r  guide f o r  s p e c i f i c  c ros s - sec t iona l  r a t i o s  a/bo 

example, t h e  compensation of X-band waveguides i s  t r e a t e d  

numerical ly ,  

Compensation 

A s  a n  



INTRODUCTION 

The propagation p r o p e r t i e s  of a r ec t angu la r  wave guide exc i ted  

i n  t h e  TEqO wave mode a r e  a f f ec t ed  by a long i tud ina l  slot i n  t h e  

c e n t e r  sf t h e  broad w a l l  of t h e  guide i n  two ways. The presence of 

t h e  s l o t  causes on one hand a change of t h e  propagation cons tan t  

and, OR the other  hand, a change of t h e  c h a r a c t e r i s t i c  impedance 

or matching p rope r t i e s  of t h e  guide,  If such a s l o t t e d  wave guide 

is appl ied  f n  components of microwave c i r c u i t r y  o r  as a s l o t t e d  

s e c t i o n  of a standing-wave o r  immittance meter, r e f l e c t i o n s  and 

~ ~ P Q P S  will be introduced by the  s l o t .  

e f f e c t s  sf t h e  slots is necessary i f  r e f l e c t i o n s  by t h e  V ~ P ~ Q U S  

components sf' t h e  c i r c u i t r y  and if t h e  error of t h e  standing-wave 

meter have t o  be kept Pow, 

A compensation of t h e  

The compensation of t h e  s l o t  is  p a r t i c u l a r l y  important i n  t h e  

l a t t e r  case of a standing-wave meter w i t h  a probe moving i n  t h e  s l o t  

a long  t h e  s l o t t e d  s e c t i o n ,  Such an  instrument can be used as an 

a b s o l u t e  impedance or matching s tandard f o r  a p a r t i c u l a r  wave 

guide c ross -sec t ion  i f  suff  i c i e n t l y  accu ra t e  compensation of t h e  

e f f e c t s  sf t h e  s l o t  can be accomplished, Its c h a r a c t e r i s t i c  

impedance and t h e  p r o p e r t i e s  a s  a re ference  guide a re  then  uniquely 

def ined by t h e  geometric dimensions of t h e  r ec t angu la r  guide d i s -  

regard ing  t h e  s l o t ,  

The ~ b j e c t i v e  of t h i s  paper i s  t h e  p re sen ta t ion  of r e s u l t s  

of studying t h e  p o s s i b i l i t i e s  of compensating t h e  s l o t  e f f e c t s  

with emphasis on one s p e c i f i c  approach, Af te r  i n t roduc to ry  con- 

s i d e r a t i o n s ,  t h e  paper d e a l s  i n  p a r t i c u l a r  w i t h :  
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A desc r ip t ion  of the method Q€ compensation, 

With t h e  de r iva t ion  of r e l a t i o n s h i p s  for d e s e r - i b b g  t h e  

fieYd c o n f i g u m t i o n  in t h e  compensated s t r u c t u r e  by 

conformal mapping and t h e  d e r i v a t i o n  of t h e  e s s e n t i a l  

equat ions,  

P resen ta t ion  of a method of approximatfon f o r  ob ta in ing  

t h e  dimensions of t h e  compensating structure f o r  given 

waveguide and s l o t  dimensions, 

P resen ta t ion  sf numerical r e s u l t s  f o r  a n  X-band waveguide 

as  an example, 

e f f e c t s  of a s l o t  i n  a r ec t angu la r  waveguide were considered 

i n  t h e  past and r e l a t i o n s h i p s  shown f o r  t h e  change of t h e  guide 

wavelsngth [ 1, 23 and for a n  equivalent  admittance r ep resen t ing  

t h e  s l o t  at cuto€f wavelength of t h e  guide [Z]. 

made, however, t o  introduce a cQmpensation, The probable reason 

f o r  this gas the fact that t.he changes of t h e  propagation p r o p e r t i e s  

caused by t h e  s l o t  were considered negl igeably  amall  a t  t h e  t i m e ,  

The increased sophicat ion and complexity sf present-day microwave 

c i r c u i t r y  and gar t fcuLar ly  t h e  hPgh accu rac i e s  requi red  i n  measure- 

ments, make, h~wever ,  compensation necessary today, p a r t i c u l a r l y  i n  

t h e  upper frequency region Q€ microwaves, 

No a t tempts  were 

4 I'm a s l o t t e d  s e c t i o n  of a waveguide, t h e  guide wavelengths 

i n  t h e  s l o t t e d  s e e t i o n  d i f f e r s  from t h a t  of t h e  non-slotted guide 3( 

by a r e l a t i v e  amount [I] 
53 
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where d is t h e  w M t h  of t h e  s l o t  and a, b a r e  t h e  width and he ight  

of  the r ec t angu la r  guide r e spec t ive ly ,  The s l o t t e d  w a l l  of t h e  

guide i s  assumed t o  be very th i ck ,  The e f f e c t  of t h e  s l o t  can a l s o  

be expressed by a hypothe t ica l  equivalent  change of t h e  r e l a t i v e  

guide width n a / a  given by L3.1 

The cha rac t e r i s t i c  impedance of t h e  guide is hence increased by a 

r e l a t i v e  amount s l i g h t l y  higher  than  t h a t  of t h e  r e l a t i v e  wavelength 

as i nd ica t ed  i n  [ l ] m  

For t h e  cornpensation of the  e f f e c t s  of t h e  slot, t h e r e  e x i s t  

two simple ways, namely, e i t h e r  by reducing s l i g h t l y  t h e  he ight  or 

i n c r e a s i n g  s l i g h t l y  t h e  width of t h e  guide i n  accordance w i t h  t h e  

above equations.  The equations i n d i c a t e ,  however, t h a t  these com- 

pensa t ions  a r e  frequency dependent due to t h e  frequency dependence 

of Am 
Y 

Hence, o ther  methods of compensation have t o  be considered, 

Method of Compensation 

A p r a c t i c a l l y  frequency independent s l o t  compensation can be 

achieved by extending the w a l l s  of t h e  s l o t  i n t o  t h e  i n t e r i o r  reg ion  

of t h e  waveguide as ind ica ted  i n  Figure l b .  

deform t h e  f i e l d  conf igura t ion  i n s i d e  t h e  waveguide i n  such a manner 

t h a t  t h e  impedance and propagation c h a r a c t e r i s t i c s  of t h e  compensated 

waveguidea-gmxhthose of t h e  non-slotted guide,  

The two extended walls 

Figure l shows t h e  
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a p g ~ ~ x i m a t e  f i e l d  conf igura t ions  f o r  t h e  nonelmpensated and compensated 

s l o t t e d  guides for c~mparfson, The f i e l d  conf igura t ions  i n d i c a t e  

t h a t  t h e  e l e c t r i c  flux of t h e  s l o t t e d  guide is reduced i n  t h e  

s l o t t e d  region which l eads  t o  a reduced capaci tance per u n i t  l eng th  

of t h e  guide,  Th i s  decrease is  cornpensated i n  t h e  s t r u c t u r e  sf 

F i g w e  l b  by t h e  increase  of t h e  capaci tance caused by t h e  two 

r i d g e s  on both a ides  of t h e  s l o t .  

magnetic f i e l d  i n d i e a t e  an increase  of t h e  inductance per u n i t  

l e n g t h  i n  t h e  s l o t  region which a l s o  is reduced i n  the f i e l d  

s t r u c t u r e  of Figwe l b  by t h e  two r i d g e s ,  The conformal mapping 

of t h e s e  f i e l d  conf i g u r a t i s n s  i n t o  those  between parallel conduct- 

i ng  walls will l a t e r  confirm these  f ind ings ,  

The same r u l e s  appl ied  t o  %he 

Conformal Mapping of t h e  Compensated-Guide Contour 

The method sf eonformabi. mapy;f;zg is a p p l i e d  here to y i e l d  rela- 

t i o n s h i p s  which can be appl ied f o r  t h e  determinat ion and d e s c r i p t i o n  

of t h e  f i e l d  conf igura t ion  i n  t h e  compensated s l o t t e d  guide and 

f o p  f i n d i n g  r e l a t i o n s h i p s  for t h e  dimensions of t h e  compensating 

r i d g e s  as a func t ion  of slot width, 

out i n  two s t e p s  as ind ica ted  i n  Figure 2, The f i g u r e  shows on t h e  

l e f t  t h e  contour sf one-half of t h e  symmetric, s l o t t e d  and compen- 

s a t e d  s e c t i o n  i n  t h e  complex z-plane (z = x Q & Y ) ,  

is  first transformed by use of t h e  S c h w r t % - C h r i s t s f f e %  Theorem 

i n t o  t h e  real  axis of t h e  complex t -p lane  ( t = P =+ jsPQ An addi- 

t i o n a l  mapping operat ion transforms t h e  f i e l d  in t h e  upper half of 

t h e  t -plane,  which corresponds t o  t h e  i n t e r i o r  reg ion  of t h e  wave 

The t ransformation i s  c a r r i e d  

This contour 
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guide between t h e  comtsurs i n  the  z-plana,  i n t o  t h e  f i e l d  between 

p a r a l l e l  botindabries i n  t h e  complex w-plane ( w = u + j v ) ,  

I n  t h e  present  d e r i v a t i o n ,  t h e  assumption is  made first t h a t  

t h e  width of t h e  wave guide ( i n  t h e  d i r e c t i o n  of t h e  y-coordinate 

i n  t h e  %-plane) is  i n f i n i t e ,  s o  t h a t  t h e  f i e l d  d i s t r i b u t i o n  is  

i d e n t i c a l  t o  t h a t  i n  a p a r a l l e l - s t r i p s  l i n e  exc i ted  i n  t h e  TEM wave 

mode with P c e n t r a l l y  loca ted ,  compensated, l o n g i t u d i n a l  s l o t ,  

This  a l s o  means that t h e  f i e l d  d i s t r i b u t i o n  is t h e  same as  i n  the 

case  of" s t a t i c  f i e l d s ,  With t h i s  assumption t h e  compensated-slot 

s t r u c t u r e  can be transformed conformally d i r e c t l y  i n t o  an unper- 

tu rbed  p a r a l l e l . - s t r i p  l i n e ,  The approximation is j u s t i f i e d  s i n c e  

t h e  s l o t  and t h e  compensated ridges are  loca ted  in t h e  cen te r  of 

t h e  r ec t angu la r  wave guide i n  t h e  reg ion  where t h e  s i n u s o i d a l  

d i s t r i b u t i o n s  sf the  t r ansve r se  eompenents of t h e  e l e c t r i c  sand 

magnetic f i e l d  

I n  t h e  r ec t angu la r  waveguide,  t h e  magnetic f i e l d  i n t e n s i t y  has a l s o  

a Iongf tud ina l  eompenent, but its magnitude is z e r o  i n  t h e  cen te r  

and r e l a t i v e l y  small i n  t h e  c e n t r a l  reg ion  where t h e  compensated 

s l o t  i s  loca ted ,  s o  t h a t  this component of t h e  f i e l d  is p r a c t i c a l l y  

not  a f f e c t e d  by t h e  s l o t  and the  compensation. This f a c t  a l s o  

j u s t i f i e s  t h e  TEM-wave and s t a t i c - f i e l d  approach, I n  t h e  l a t e r  

course of t h e  de r iva t ion ,  s idewal l s  will be assumed a t  a d i s t a n c e  

a i 2  from t h e  cen te r  and t h e  computations c a r r i e d  out accordingly,  

i n t e n s i t i e s  have maxima and vary only slightlyo 

The c h a r a c t e r i s t i c  po in t s  a long t h e  csn tour  of t h e  c r o s s  

s e e t i o n  a r e  ind ica ted  i n  Figure 2 by A B C D E ,  The same l e t t e r s  

arc used for t h e  corresponding p o i n t s  i n  t h e  o ther  complex mapping 

p lanes ,  The e l e c t r i c  f i e l d  %ns%da this contour i s  caused by a 
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p o t e n t i a l  d i f f e rence  between the walls, i, e ,  t h e  s e c t i o n s  of t h e  

c o n e s w  A to B and B C D E. The Pine A t o  E i s  enntained in t h e  

symmetry plane of t h e  wave guide and fo l lows  an e l e c t r i c  f i e l d  l i n e  

between t h e s e  two poin ts .  In  the w-plane, t h e  e l e c t r i c  f i e l d  l i n e s  

a r e  s t r a f g h t  l i n e s  fn t h e  u-d i rec t ion  between t h e  contours  A E and 

B Em The magnetic f i e l d  l i n e s  a r e  perpendicular  and point  i n  t h e  

b d i r e c t i o n ,  They co inc ide  w i t h  t h e  l i n e s  r ep resen t ing  constant  

e l e c t r i c  p o t e n t i a l s ,  In t h e  t -plane t h e  corresponding l i n e s  are 

hyberbslas  and e l l i p s e s ,  The t ransformation between t h e  a- and 

t -p l anes  g ives  then t h e  f i e l d  lines i n  t h e  actual wave guide c ross -  

s ec t ion  indica ted  by i t s  contour i n  t h e  %-planeo We observe t h a t  t h e  

x-axis is t h e  axis of S W e t P y  sf t h e  a c t u a l  t o t a b  guide cross- 

s e e t i o n  wi th  a width a and height  b o  The width of t h e  s l o t  is d 

and t h e  he ight  of one of t h e  compensating r i d g e s  is A h .  The 

r i d g e  represented by t h e  sec t ion  of the! contour from C t o  D i s  

ind ica t ed  i n  Figure 2 by two bines but  it is  assumed t h a t  it has 

p r a c t i c a l l y  z e r o  th ickness ,  

E s s e n t i a l  Rela t ionships  

The Schwarta-Christoffel  t ransformation [3] maps t h e  reg ion  

i n s i d e  t h e  contour A B C D E onto t h e  upper ha l f  of t h e  t -plane,  

The mapping g rad ien t  between the 20- and t -p lane  is found t o  be 
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According t o  t h i s  theorem, complex va lues  of z wfthfn 

are r e l a t e d  t o  those  on t h e  upper h a l f  of t h e  t -p lane  

ing  i n t e g r a l  
-&h -Yr -&i- 

f = K, JW,) (t-t,) (t-t,) 1 , a  * 
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t h e  contour 

by t h e  fo l low-  

dt 3- K 2 >  
where t h e  values  ty rep resen t  the  va lues  of t i n  t h e  c h a r a c t e r i s t i c  

p i n t s  and where 5, r ep resen t s  t h e  angular  d i f f e r e n c e  of t h e  contour 

d i ree t i0r .g  i n  t h e  c h a r a c t e r i s t i c  point  2 i n  t h e  a-plane,  

I n s e r t i o n  i n t o  t h e  i n t e g r a l  and eva lua t ion  y i e l d s  

where 

and 

I n  a similar manner, t h e  mapping g rad ien t  between t h e  w- and t h e  

t -p lane  can be found, It is 
dw = K, I 

I n t e g r a t i o n  y i e l d s  d t  Vt(t + I )  

w = K, cosh-' ( 2 t +  I )  + K, 0 ( 8 )  

The next  s t e p  c o n s i s t s  i n  t h e  determinat ion of t h e  va r ious  

cons tan ts .  The cons tan ts  K and K can be found by eva lua t ing  the  1 a 
f u n c t i o n s  2; and w i n  t h e  point F. Herewith one proceeds i n  t h e  

t -p lane  along t h e  r e a l  ax is  toward i n f i n i t y  where, f o r  an  

i n f i n i t e  value of It1 t h e  path fo l lows  a c i r c l e  with i n f i n i t e  

r a d i u s  i n  t h e  upper ha l f  plane t o  t = - C O  and cont inues then  along 

t h e  r e a l  a x i s  toward A ,  Going a long  t h e  ha l f  c i r c l e  corresponds t 0  

moving i n  t h e  z-plane f ~ o m  t h e  Pine D E t a  E A eovesfng a distance -b. 



. .  

The mathematical d e s c r i p t i o n  of t h e  procedure i s  given by t h e  

fo l lowing  equat ions  First 
j@ t- R e  

has been introduced and R has been made t o  approach i n f i n i t y ,  

s t i t u t e d  i n t o  Eqs. ( 4 )  and (?) ,  t h e  mapping g r a d i e n t s  become 

Sub- 

D i f f e r e n t i a t i o n  of Eqo ( 9 )  and s u b s t i t u t i o n  i n t o  ( l O a )  y i e l d s  

so t h a t  

and hence 

An analogous eva lua t ion  of t h e  complex func t ion  z i n  po in t  

B where t approaches ze ro  and proceeding a long  a h a l f - c i r c l e  

a a~oundl B i n  t h e  t-plane y i e l d s  a r e l a t i o n s h i p  f o r  t h e  

f a c t o r  r l / F  
2 

i n  f r o n t  of' the  second term of Eq. (41, namely 

I5 d - - - - *  

Considering t h e  f u n c t i o n s  z and w i n  po in t  B y i e l d s  t h e  i n t e g r a t i o n  

c o n s t a n t s  K =: K = b,  With t hese  cons t an t s ,  the  equat ions  f o r  z 
3 ec 

and w a r e  

and 
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Equation ( l a b )  can be inverted t o  g ive  an  expression for t i n  

terms of w, 

2 t  cos4 [ - j r  ( b  
(12) 

- I,]. 

I n s e r t i o n  i n t o  Eqs. ( 5 )  and ( 6 )  and s u b s t i t u t i o n  i n t o  ( a l a )  permits 

w r i t i n g  the  complex func t ion  z i n  t h e  form 

Z = x i - j y  = F (N) = F l u  +p) 0 - 3  1 
This  f u n c t i o n  then  desc r ibes  t h e  e l e c t r i c  and magnetic f i e l d  bines 

i n  t h e  s l o t t e d  compensated pars%%eP-str ip  l i n e  i n  t h e  a-plane,  The 

The equat ion a c t u a l l y  r ep resen t s  t h e  mapping func t ion  between t h e  

complex x- and w-planes i n  Figure 2, The e l e c t r f e  f i e l d  l i n e s  i n  

t h e  s l o t t e d  s e c t i o n  a r e  obtained by keeping v cons tan t  and varying 

u between t h e  l i m i t s  6 and b e  The l i n e s  of cons tan t  e l e c t r i c a l  

p o t e n t i a l  which coincide w i t h  t h e  magnetic f i e l d  l i n e s  a r e  obtained 

by keeping u cons tan t  and varying v o  

mapping func t ion  becomes a constant  f a c t o r .  

For  l a r g e  va lues  of v, t h e  

C r i t e r i a  for t h e  compensation 

Before we can consider  a compensation of t h e  s l o t  and d e r i v e  

equations whfeh permit t h e  computation of t h e  proper he ight  of t h e  

r i d g e s  

s l o t  from the view poin t  of t h e  der ived r e l a t i o n s h i p s ,  It is  

Ah, it is  necessary t o  d i s c u s s  b r i e f l y  t h e  e f f e c t s  of t h e  
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obvious t h a t  t h e  der ived equation (14) is  a l s o  app l i cab le  t o  t h e  

d e s c r i p t i o n  of" t h e  f i e l d  d i s t r i b u t i o n  i n  t h e  presence of a s l o t  

only,  Herewith t h e  assumption is made t h a t  d k = O a n d r p r z O  We 

t h u s  @;am mag t h e  s l o t t e d  s t r i p  l i n e  i n  t h e  z-plans (where now C and 

D co inc ide )  into a non-slot ted l i n e  i n  t h e  w-plane as  ind ica ted  a t  

t h e  r i g h t  i n  Figure 2, If w e  do t h i s ,  a s l o t t e d  l i n e  of width a 

w i l l  be transformed i n t o  a nsn-s lo t ted  l i n e  of width a - 
which is s l i g h t l y  narrower due t o  t h e  e f f e c t s  sf t h e  s l o t ,  

Correspondingly,  a s l o t t e d  wave guide of w i d t h  a w i l l  have t h e  same 

propagation p r o p e r t i e s  as a nsn-slot ted guide of width a - A a  

where d a  i s  given by Eq. (Z), 

&, 

If we now int roduce t h e  compensation r i d g e s  and increase  Ah 
from Q to f i n i t e  values ,  t h e  e f f e c t s  of t h e  s l o t  will decrease wi th  

imcreasing A h  u n t i l  f u l l  cornpensation is  achieved, I n  t h i s  

process of cornpensation, t h e  value of da which i n d i c a t e s  t h e  ~ e -  

duc t ion  of t h e  width of  t h e  transformed s t r i p l i n e  will become 

smaller u n t i l  it reaches zero  f o r  f u l l  compensation. 

of t h e  r i d g e s  is  a d d i t i o n a l l y  increased,  a n  over-compensation occurs 

which w i l l  i nc rease  t h e  equivalent  width of t h e  non-slotted wave- 

guide t o  a =+ A,. 

If t h e  he ight  

The physics  concept of t he  compensation can a l s o  be considered 

q u a l i t a t i v e l y  by eva lua t ing  the f i e l d  conf igu ra t ions  i n  Figure 1, 

The s ize9  of t h e  equivalent  squares bstween t h e  f i e l d  l i n e s  sf t h e  

le f t -hand  conf igura t ion  g ive  a c l e a r  i n d i c a t i o n  sf t h e  reduced width 

a - Aa ( increased  s i z e  of the squa res ) .  I n  t h e  ease  of t h e  eomgen- 

s a t i o n  i n  t h e  right-hand figure, t h e  squares ,  p a r t i c u l a r l y  those  i n  

t h e  lower row, have approximately t h e  o r i g i n a l  size t y p i c a l  for t h e  
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non-s lo t ted  conf igura t ion ,  This i n d i c a t e s  t h a t  t h e  width of t h e  

compensated s l o t t e d  guide is identnica8 t o  t h a t  of t h e  non-slot ted 

guide a 

The preceding cons idera t ions  i n d i c a t e  t h a t  the he ight  of t h e  

r i d g e s  formed by t h e  extended s l o t  walls9 Ah, should be such t h a t  

t h e  width of t h e  contour enclosing t h e  f i e l d  conf igura t ion  ind ica ted  

i n  F igure  2 i n  t h e  a-plane should be i d e n t i c a l  t o  t h a t  of t h e  t r ans -  

formed conf igura t ion  i n  t h e  w-plane ( i n  t h e  jv d i r e c t i o n ) ,  This  

c s n d i t i o n  w i l l  henceforth serve  as a c r i t e r i o n  for t h e  compensation, 

The formu%ation of t h e s e  condi t ions  is shown i n  Figure 3 -  It 

shows a t  t h e  r i g h t  t h e  c o n t o w  A B F G which i n d i c a t e s  one h a l f  of 

t h e  u n s l o t t e d  r ec t angu la r  waveguide c ross -sec t ion ,  This contour 

r e p r e s e n t s  i n  t h e  w-plane t h e  transform of t h e  l e f t  hand contour 

A B C D F G i n  t h e  z-plane which r e p r e s e n t s  one ha l f  of t h e  c ross -  

s e c t i o n  of t h e  compensated s l o t t e d  s t r u c t u r e u  The t ransformat ion  

is  c a r r i e d  out by Eqo (14). 

EQUATIONS FOR THE COMPENSATED STRUCTURE 

The mathematical formulat ion of t h e  c r i t e r i a  f o r  t h e  compen- 

s a t e d  s t r u c t u r e  is  indica ted  i n  t h e  fol lowing equations: 

and 
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The equat ions  a r e  evaluated by t h e  fol lowing procedureo FOP a given 

r a t i o  a/b of t h e  rec tangular  guide, Eqo ( 1 5 )  yields a s p e c i f i c  value 

of toe This value is s u b s t i t u t e d  i n t o  Eqe (16) which i n  t u r n  y i e l d s  

a r e l a t i o n s h i p  between r and P I n  combination with Eq. ( lOd) ,  P 2 O  
it permits  determination of P and P Since r1/F2 = d / @ b ) ,  1 2 

Eqo (16) is t ranscendenta l ,  it is convenient t o  eva lua te  t h e  

equat ions  i n  diagram form f o r  a succession of values  of P determin- 

ing  4 and and from those 

K 

2 

(17) c0sh-I (Zt, + I) - cosh-'(- fa) 
-c-  

K -  cos - '  7a 
For each value 0f r2 t h e  value of r1 and d/2b can then  be found, 

This  means t h a t  rl and r2 are  known a s  a func t ion  d/2b which is one 

ha l f  of t h e  r e l a t i v e  width of t he  s l o t  f o r  a given r a t i o  a/bo 

The next  s tep  is t h e  determination of t h e  r e l a t i v e  he ight  of 

t h e  compensation r i d g e s  AhJbo For doing t h i s ,  t h e  t ransformation 

fmctiaan is  needed for t h e  eontoup between B and D (see Figure 2) e 

EvaLuatPsn of t h e  t ransformat i sn  g rad ien t  i n  t h i s  reg ion  y i e l d s  

Use of t h i s  equation i n  t h e  point C and D of t h e  s-plane (see 

Figure 2 )  f o r  which t h e  va lues  of t i n  t h e  t -p lane  

g i v e s  

where 

are r and r2$ 1 
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EvaluatSon of E¶, (19) f o r  t h e  o r i g i n a l l y  assumed value of r2 and 

the found value of F. g ives  final.2.y A hgb f o r  each value sf P and 

t h e  correupsnding va lue  of cij'2bo The r e su l t s  permit p l o t t i n g  d h / b  

as a f u n c t i o n  of d/Zb i n  diagram form, 

I 2 

NUMERICAL EXAMPLES 

Numerical examples computed by using t h e  above equat ions are 

shown i n  Table I and Figure 

the%;-band 

and w i t h  inner  dimensions 09 x 0 4  inches,  

and t h e  corresponding value of t i n  t h e  t -p lane  is t, = -9,125,, 

t a b l e  shows t h e  va lues  of t h e  q u a n t i t i e s  e s s e n t i a l  f o r  computing 

t h e  d a t a  f o r  t h i s  c ross -sec t iona l  r a t i o .  

form t h e  r e l a t i o n s h i p  between the r e l a t i v e  he ight  of t h e  r i d g e s  

The computed d a t a  a re  v a l i d  f o r  

waveguide RG 52/U, with outer  dimensions 1 x l& inches 

The r a t i o  a/b i s  2,25 

The 

Figure 4 shows i n  diagram 

Ah/b and one ha l f  of t h e  r e l a t i v e  s l o t  width d/2b for full 

e smpensstion 0 

e one Ius  f QR 

Rela t ionships  were der ived f o r  f i n d i n g  t h e  dimensions of com- 

pensat ion r i d g e s  i n  a s l o t t e d  rec tangular  wave guide s e c t i o n ,  The 

r i d g e s  a r e  formed by extending the  s l o t  walls i n t o  t h e  i n t e r i o r  of 

t h e  wave guide,  

compensates t h e  e f f e c t s  of t h e  s l o t  on t h e  guide wave l eng th  and 

impedance, 

components and in s l o t t e d  l i n e s  for standing-wave and immittance 

The f i e l d  deformation caused by t h e  r i d g e s  

Such a compensation is necessary i n  p r e c i s e  microwave 
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messuremmts p r t % c u h . r l y  P t  5he higher  frequencies of %ha microwave 

r eg ion  and a t  m;llimeter waves wnere the width  sf the aPst  is in 

t h e  magnttude of t he  width of the guide and where the a f f e c t  of 

the s l o t  beeornag very pronounced, 

The d e r i v a t i o n s  'based OII o T E M - w ~ v ~  ~ ] P P P O ~ C ~  and the 

equations and r e s u l t s  represent hence approximations,  

s l o t s  i n  waveguides uauaY1y arc kept narrow and s i n c e  t h e  e f f e c t s  

of the  slot are ~f second order  magnitude, first order  approxima- 
tions of t h e  r e%at ionsh ips  for the compenss$lon seem t o  g i v e  

s a t i s f a c t o r y  a c c w ~ c y ~  If' higher accuracy is des i r ed ,  t h i s  can 

be achieved by t e k f n g  the! averages of the transformed va lues  sf 

z in the po in t s  F anid G (see Figwe  3 )  scmting them equal t o  a/Z 

i n s t ead  of using t h e  va lue  of z in G directly and equating it 

t o  a/2, 

height of t h e  compensated ridges and t h e  width of the slWt is 

Eicear in t h e  reg ion  of' small s l o t  width,  

Since t h e  

The r e s u l t s  i n d i c a t e  t h a t  t h e  reBat fsnship  between t h e  
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